groups of signalling pathways (Wnt, Hippo and Fak-Mapk pathways).
Wnt and Fak-Mapk pathways were more activated during gradual distraction, while Hippo pathway was more activated during consolidation. The expressions of Fak, Src, Raf-1, Erk1, Jnk and p38-Mapk were up-regulated during gradual distraction, compared with consolidation.
Mechanical stimulation plays a critical role in bone remodelling and the maintenance of homeostasis. [12] [13] [14] Focal adhesion kinase (Fak), an important mechanotransduction involved gene, is shown to play an important role in fluid shear stress-induced bone formation in osteoblast. 15 Studies of mechanotransduction-induced osteogenesis in vivo are still lacking. In this study, we used shRNA technology to inhibit Fak expression and investigated whether the shRNA-Fakinduced osteogenic effect decreased during DO. The shRNA knockdown of Fak inhibited the Fak-Mapk pathway, which was verified by immunohistochemistry, real-time PCR and Western-blot, and delayed new bone formation by verification of histological and micro-CT analyses. These data showed Fak and Fak-Mapk pathway at least, in part, plays an important role in osteogenic effect during DO.
| MATERIAL S AND ME THODS

| Animals
Sprague-Dawley rats (10-week-old male, weight 320-350 g) were chosen as the research subjects. Animals were housed in a light/ dark and temperature-controlled room. The distraction osteogenesis model in rats was approved by the Ethics Committee of the University of Sichuan. All procedures that involved animals followed the Care and Use Committee guidelines of the University of Sichuan.
The number of qualitative qualification is SCXK-2009-0009.
| Surgery and distraction protocol
The rats were anaesthetized with 10% chloral hydrate (3.0 mL/ kg). Rats underwent osteodistraction on the right tibia. Briefly, a longitudinal incision was made along the mid-diaphysis of the right tibia to expose the diaphysis. The periosteum was not stripped and remained attached to the tibia. A 0.2 mm drill bit was used to drill through the lateral and medial cortices of the tibia and to form 4 small holes. Then, 4 titanium mini-screws were placed across the holes ( Figure 1A ). The external distractor (orthodontic expansion) was fixed to 4 screws with acrylic resin (Methyl methacrylate) ( Figure 1B) . A transverse osteotomy was performed in the middle of the diaphysis between the 2nd and 3rd screws ( Figure 1C , D). The ipsilateral fibula was fractured. After these procedures, the muscles and the skins were sutured ( Figure 1E ).
Distraction osteogenesis was divided into 3 phases: the latency period of 5 days after surgery; the active distraction period of 14 days, during which gradual distraction was initiated at a rate of 0.2 mm/12 h (total 5.6 mm); and the consolidation period of 8 weeks, during which the external distractor was held in situ as a fixator. 
| Agilent 4*44k rat microarray gene analysis
The rats were randomly divided into 3 experimental groups: the middle of distraction (12 days post-operation), the end of distraction Before microarray analysis, the specimens were dissected from the tibia. The muscle and tendon were removed. The periosteum and distraction callus were dissected and stored in liquid nitrogen. The criteria for filtering changed genes on the basis of microarray data were as follows: (i) FC (fold change): in pairwise comparisons, the genes were identified as up-regulated when FC was ≥ 2, and as down-regulated when FC was ≤ 0.5, (ii) P value: the change in P value was quantified in pairwise comparisons and was set at < 0.05.
| Construction of a recombinant lentivirus vector expressing shRNA for Fak
The lentivirus expression vector was constructed with the lenti-X shRNA expression system (Clontech, Mountain View, CA, USA).
The design of shRNA for Fak (CTATGAAGTGTTAGAGAAA) strictly complied with the previously described rules. The cDNA olives were annealed and ligated into a GV118 (BamHI/EcoRI-digested pLVX- 
| Real-time quantitative RT-PCR
Total RNA was extracted from the distraction tissues with Trizol.
Total RNA was reverse transcribed to produce cDNA using the 
| Western blot
| Injection of shRNA in bony callus
The rats were randomly divided into 3 groups. The same volume (100 uL) of saline solution (control), gutted shRNA vectors (shRNAneg) and Fak-specific shRNA (shRNA-Fak) were injected into the bony callus, 6 days after the operation, and injections were repeated every 4 days for a total of 3 injections per animals.
| Immunohistochemistry
Distracted tibiae were embedded in 3% paraformaldehyde for 
| Radiographic, micro-CT and histological analysis
To verify the osteogenic effect of our new distraction model, radi- 
| Microarray analyses of distraction osteogenesis
To identify the bone-related molecular mechanisms of biological processes that occur during DO, we evaluated Agilent 4*44k Rat microarray slides to compare gene expression profiles at 12, 19 and 26 days. The significantly altered genes were described by scatter and volcano plots, which are presented in Figure 3 . 
| Identification of ossification-related genes and molecular signalling pathways
F I G U R E 2 (A-D) The histological stains were performed at the end of distraction (19 days after operation), and at 2, 6 and 8 weeks of consolidations (33, 61 and 75 days after operation). (E-J) The X-ray was performed at the healing phase of bone fracture (5 days after operation), the middle of distraction (12 days after operation), the end of distraction (19 days after operation), and at 2, 4 and 8 weeks of consolidations (33, 47 and 75 days after operation). (K-M), micro-CT examinations were performed at 2, 6 and 8 weeks of consolidations (33, 61 and 75 days after operation). (n = 8 rats/group) (A) (E) (F) (G) (H) (I) (J)
(
| Fak knockdown caused a decrease in the expression of p-Fak, p-Erk1/2, p-JNK and p-p38-Mapk in the distracted callus
To investigate whether shRNA-Fak decreased the expression of Fak-Mapk pathway components, we examined the protein levels of pathway-related proteins (p-Fak, p-Erk1/2, p-JNK and p-p38Mapk).
The results showed that the protein levels of p-Fak, p-Erk1/2, p-JNK and p-p38Mapk were significantly decreased in the shRNA-Fak group, compared with the control and shRNA-neg group; however, the expression of Erk1/2, JNK and p38-Mapk remained unchanged (Figure 7 ).
| Fak knockdown reduced the early and late osteogenic effect of distraction osteogenesis
To determine whether shRNA-Fak decreased the osteogenic effect in distracted areas, histology and micro-CT were used to analyse the early and late osteogenic effect during DO. At 19 days after operation, 
| D ISCUSS I ON
Distraction osteogenesis is an endogenous bone tissue engineering technique and imposes a specific size and frequency of mechanical force to induce endogenous bone formation and remodelling in the distraction gap. 1 In spite of the application of this instrument for the regeneration and reconstruction of bone, the molecular mechanism of DO remains unknown. Mechanical stimulation is essential for the promotion of osteoblast and chondrocyte differentiation, bone formation, the prevention of bone resorption and the maintenance of skeletal homeostasis. 12 Previous studies had been reported that mechanical stimulation influences the osteogenic differentiation of MSCs through inducing the expression of osteogenic genes and the activity of ALP, OCN and Runx2 in vitro. [22] [23] [24] However, mechanisms of mechanical stimulus-induced osteogenesis in vivo were still not clearly elucidated. Distraction osteogenesis is a suitable tool for researching the mechanism of mechanical microenvironments of bone formation and regeneration in vivo.
| Altered expression of bone formation-related molecular pathway components during distraction osteogenesis
In this study, several components of the Wnt, Hippo and Fak-Mapk pathways were found to be up-or down-regulated during different phases of DO by microarray. The results revealed that the Wnt pathway was mediators, including Raf and Ras. 15, 33 Raf is an upstream kinase of the mitogen-activated protein kinase. 15 The Fak-Mapk pathway has previously been found to play important roles in signal transduction during cell migration, cellular proliferation and differentiation. 24 However, it is unclear whether Fak-Mapk pathway was activated during DO. In this study, we used gene microarray to analyse the expressions of altered genes and signalling pathways. We found Erk1, p38-Mapk and Src in- 
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